Objective. To examine whether occupational complexity of working with data or people, and cognitive or social leisure activity at midlife predicted cognition in advanced old age. Results. Controlling for demographic and health-related factors from childhood, midlife, and late life, we found that greater work complexity, both with people and with data, and greater participation in cognitive or social leisure activities independently related to better late-life cognitive scores. The complexity-cognition link was moderated by leisure activity such that the cognitive benefit related to the complexity of work-especially complexity of working with people-was rendered insignificant when participation in leisure activities-especially social activities-was above average.
T HERE is now substantial evidence suggesting that engaging in intellectually challenging activities at midlife is associated with favorable late-life cognitive outcomes. Supporting evidence derives from one of two principal domains: intellectually challenging occupational activities (Andel, Kåreholt, Parker, Thorslund, & Gatz, 2007; Bosma et al., 2003; Potter, Plassman, Helms, Foster, & Edwards, 2006; Schooler, Mulatu, & Oates, 1999) and intellectually engaging leisure activities (Crowe, Andel, Gatz, Pedersen, & Johansson, 2003; Friedland et al., 2001; Kåreholt, Lennartsson, Gatz, & Parker, 2011) . We aimed to improve the understanding of the role of intellectual engagement in cognitive functioning by simultaneously examining these two unique types of activities that together take up much of waking life. Given that occupational experiences are more enduring and less amenable to change than are leisure activities, our research goal was to examine whether midlife leisure activities provide added value to cognition and structure the cognitive benefits derived from work complexity. However, we also aimed to investigate whether leisure activities, which offer a more fluid aspect of intellectual engagement, may accentuate the role of work complexity in late-life cognition. Given that previous research on leisure activity and cognitive outcomes has found about equal benefits for intellectually engaging and socially engaging activities (Fratiglioni, Paillard-Borg, & Winblad, 2004) , we conceptualized relevant leisure activities as cognitive and social.
Our theoretical orientation employs two overlapping concepts-cognitive reserve and environmental complexity. According to the concept of cognitive reserve (Costa et al., 2007; Stern, 2002) , the overall use of intellectual faculties throughout life creates a stock of "cognitive capital" that delays cognitive decline with aging by improving the ability to compensate for age-related neuronal damage. Cognitive reserve is a broad concept referring advantages with respect to brain structure and function that can promote normal cognitive function even in the presence of extensive age-related neuropathology. The environmental complexity hypothesis (Kohn & Schooler, 1983; Schooler, 1984) refers specifically to the influence of prolonged exposure to complex environments on cognitive function.
OCCUPATIONAL COMPLEXITY, LEISURE, AND COGNITION
That is, highly complex environments that consistently offer opportunities for participating in substantively complex tasks during leisure (Schooler & Mulatu, 2001 ) and at work (Andel et al., 2007; Finkel, Andel, Gatz, & Pedersen, 2009; Schooler et al., 1999) increase intellectual flexibility and promote relatively stable cognitive functioning in older adulthood. Therefore, although both concepts are relevant, our study taps primarily into the environmental complexity hypothesis.
Building on previous research, we posed the following research questions:
1. Are midlife work complexity and leisure activity independently related to late-life cognition? 2. Is there an interaction between midlife work complexity and leisure activity in relation to late-life cognition? 3. If moderation is detected, does the pattern suggest a compensatory or complimentary mechanism? In other words, do work complexity and leisure activities substitute for each other in terms of cognitive benefit or does each type of activity reinforce the benefit of the other?
There is currently no research to inform hypotheses about the combined role of leisure and work-related engagement in late-life cognition. Still, we expected that greater engagement during leisure would reduce but not eliminate the role of complexity of work in late-life cognition, and that leisure activity would interact with complexity such that high engagement in leisure activity would compensate for low levels of work complexity in relation to late-life cognition. Specific to our third research question, in agreement with the notion communicated in the environmental complexity hypothesis that greater complexity would lead to greater cognitive benefits, we expected to observe a pattern consistent with the complimentary mechanism in which work complexity would reinforce the benefit of leisure activity and vice versa.
Method

Participants
Data for this investigation derive from in-person interviews by the Swedish Level-of-Living Surveys (LNU) in 1968 and 1981 and the Longitudinal Study of Living Conditions of the Oldest Old (SWEOLD) in 1992 to 2002 (by linking 1968 LNU with 1992 SWEOLD and 1981 LNU with 2002 . LNU is based on nationally representative random samples. It is a longitudinal study, comprising participants aged 18-75 years, with rolling recruitment in order to maintain a representative sample, with response rates of 90.8% in 1968 and 82.2% in 1981 (Jonsson & Mills, 2001 . The SWEOLD study sample is recruited from all LNU participants who were aged 77+ and still alive in 1992 or 2002. The samples are nationally representative and comprise community-dwelling and institutionalized individuals (Lennartsson et al., 2014; Lundberg & Thorslund, 1996) . The response rate was 95.4% in 1992 (n = 537) and 84.4% in 2002 (n = 621). The system with unique personal identification numbers used in Sweden makes it easy to follow individuals over time. Because collection of cognitive data by SWEOLD was identical in 1992 and 2002, we merged these samples in order to maximize explanatory power (in the analyses, we control for period differences related to survey year).
The data set included 1,033 individuals who had data from both LNU and SWEOLD, of whom 847 were gainfully employed at baseline and had complete data for cognitive functioning, leisure engagement, and work complexity. Thirty seven of the 847 provided baseline information after age 65, which did not conform to our goal of midlife baseline assessment. Therefore, the analytical sample included 810 participants, 410 with cognitive data from 1992 and 400 from 2002. Thirteen of the 410 participants in 1992 also provided data in 2002. The second observation for these participants was not included and had no bearing on the final results.
Measures
Outcome.-In the 1992 and 2002 SWEOLD studies, cognition was measured using an abridged, 11-point version of the Mini-Mental State Examination (MMSE) (Folstein, Folstein, & McHugh, 1975; Parker, Gatz, & Thorslund, 1996) . The items included: registration (repeat three items-key, toothbrush, lamp), orientation (respondents named the year, month, date, and country), delayed recall (respondents recalled the three items after a brief delay), attention/concentration (starting at 100, respondents subtracted by 7 starting at 100 for 5 iterations), and visuo-spatial ability (respondents copied a figure with overlapping pentagons). The measure was found to have similar properties as the original version (Folstein et al., 1975) , with the item to total score correlations of .86 for attention/concentration, .63 for delayed recall, .60 for orientation, .53 for visuo-spatial ability, and .37 for registration (Parker et al., 1996) . The average score in this sample was 8.6 (standard deviation [SD] = 2.3, range 0-11).
Main independent variables.-The main independent variables were leisure engagement at work and work complexity. The measure of leisure engagement administered in midlife included cognitive activities (reading books, doing hobbies, going to the movies, going to the theatre, attending study circles) and social activities (four questions concerning visiting and/or being visited by friends and/or relatives). All items were scored as "no" (0), "yes, sometimes" (1), and "yes, often" (2). An item about playing an instrument/singing was also available but was not used because it correlated poorly with cognitive activities in general as well as with the cultural activities specifically. The possible range was from 0 to 10 for cognitive activities and 0 to 8 for social activities. Assessment of internal validity with Cronbach's alpha indicated low consistency for cognitive activities (.54) and good consistency for social activities (.81). Although higher values would be preferable, the combined activity items appear to have good face validity and these types of measurements rarely reach higher Cronbach' alpha. The average score was 3.3 (SD = 2.0) for cognitive activities and 4.8 (SD=1.6) for social activities.
Respondents were asked about their occupation in midlife, which was coded according to categories from the 1980 Swedish Population and Housing Census and then matched to categories from the 1970 U.S. Census. We applied job exposure scores developed from the 1970 U.S. Census data to describe occupational complexity based on working with data and working with people (Roos & Treiman, 1980 ; U.S. Bureau of the Census, 1973). The matching procedure has been described previously (Andel et al., 2005) . Another type of complexity relating to working with objects was not considered due to its low reliability and predictive ability (Andel et al., 2005 (Andel et al., , 2007 . The distribution of participants across specific attributes of complexity (after rounding) and average scores are shown in Table 1 .
Complexity of work with data and people were highly correlated (r = .62, p < .001). Leisure activity correlated only moderately with complexity with data (r =.16, p < .001) and complexity with people (r =.25, p < .001).
Covariates.-Covariates played an important role in this study. Although cognitive reserve theory predicts that intellectual engagement is directly beneficial to cognition, it is also possible that those with inherently higher mental abilities tend to engage in cognitive stimulating activities (Salthouse, 2006) . Therefore, to minimize possible endogeneity or feedback loops in the relationships tested, we control for factors directly and indirectly related to cognitive ability in early life and midlife. Early life factors, particularly those related to childhood socioeconomic conditions, have been proposed to play a role in late-life outcomes (EversonRose, Mendes de Leon, Bienias, Wilson, & Evans, 2003; Fors, Lennartsson, & Lundberg, 2009; Richards & Hatch, 2011 (Crowe et al., 2008) , and education (Batty, Deary, & Gottfredson, 2007) have all been linked to cognitive outcomes.
Assessment of depressive symptoms and mobility problems was repeated in 1992 and 2002, along with global selfreported health, coded as "good" (0), "in between" (1), or "bad" (2). Finally, we controlled for the paired years in which the assessments were made (1968/1992 vs. 1981/2002) .
Statistical Analysis
As the 11-item MMSE index is a count variable and not normally distributed, we used ordered logistic regression to estimate multivariate predictive equations. In order to test moderation between work complexity and leisure activity, we used a bootstrapping technique developed by Hayes and colleagues to assess interaction terms (Hayes, 2013; Preacher & Hayes, 2004) . The Hayes approach implements the Johnson-Neyman technique (Johnson & Fay, 1950) , which has recently received renewed attention (Bauer & Curan, 2005; Miller, Stromeyer, & Schwieterman, 2013) . The main advantage of this technique lies in its ability to identify the exact region in one variable where the relationship between a second variable and the outcome is statistically significant. This stands in contrast to the more widely used pick-a-point method to interpret the meaning of an interaction (e.g., selecting a point 1 SD above and below the mean). Finally, the measure of complexity of work with people was skewed. Since entering the log transformed form of this variable did not change the results, we only report the results with the raw form of complexity of work with people.
Results
Participant characteristics are presented in Table 2 . Assessments were made at an average age of 58 years in midlife and 83 years in late life; 58% of the sample were women. Parental and personal socioeconomic position tended to be marginal as indicated by the prevalence of low levels of education and low occupational positions, and not uncommon reports of experiencing economic difficulties in childhood. Mobility difficulties and depressive symptoms were experienced by a minority of participants in midlife but increased to majorities in old age. Half of the sample rated their health as less than good later in life.
The first research question we asked was whether midlife work complexity and leisure activity independently relate to late-life cognition. Results in Table 3 reveal that complexity of work with data and people and participation in cognitive and social leisure activities were all associated with better late-life cognition controlling for all study covariates. Results where one work complexity and one leisure activity measure were added simultaneously are presented in Table 4 . Evidently, this additional adjustment left the magnitude of the associations from Table 3 virtually unaffected, although the association between social leisure activities and late-life cognition was reduced to nonsignificant with the addition of work complexity variables.
Because cognition, occupational complexity, and leisure engagement vary between men and women, we also tested for interactions between the main independent variables and gender. However, none of the interaction terms reached statistical significance (ps > .240).
Our second research question was whether there was an interaction between midlife work complexity and leisure activity in relation to late-life cognition. Complexity of work with people interacted negatively with cognitive (estimate = −0.15, standard error [SE] = 0.08, p = .047) and social (estimate = −0.27, SE = 0.09, p =.002) leisure activity. Complexity of work with data interacted negatively with social leisure activity (estimate = −0.18, SE = 0.08, p =.034), and its interaction with cognitive leisure activity in relation to late-life cognition was not significant (p =.200). We applied the Johnson-Neyman technique to the significant interactions, which we illustrate in Figure 1A -2C. Specifically, these figures show how coefficients demonstrating the magnitude of the association between work complexity and late-life cognition change across levels of leisure activity (expressed in SD units). Banded 95% confidence intervals are also shown, as is a vertical line representing the border of the region of significance of the coefficients. Considering work complexity as the moderator, the association between engaging in cognitive leisure activities and late-life cognition ceases to be significant for participants whose complexity of work with people surpasses about 0.5 SD above the sample mean ( Figure 1A ). Engaging in social activities is no longer significantly related to late-life cognition when complexity of work with people is at about the average complexity level ( Figure 1B ) or when complexity of work with data is just slightly above the average ( Figure 1C ). Considering leisure activity as the moderator, work complexity is no longer significantly related to late-life cognition when level of social leisure activity surpasses about 0.3 SD above the sample mean for complexity of work with people ( Figure 2A ) and about 0.8 SD for complexity of work with data ( Figure 2B) ; complexity of work with people is no longer significantly related to late-life cognition when level of cognitive leisure activity surpasses 0.3 SD above the sample mean ( Figure 2C ).
The fact that the coefficients for the observed interactions were negative answers our third research question: the cognitive benefit of work complexity is conditional on relatively low leisure participation and thus is compensatory rather than complementary in nature. The interaction was particularly strong for social leisure activity and complexity of work with people in relation to late-life cognition (estimate = -0.27).
Discussion
We examined the independent and interactive influence of midlife leisure activity, measured as cognitive or social activity, and work complexity, measured as complexity of work with data or people, on late-life cognition. To our knowledge, this is the first study to consider these two primary sources of intellectual engagement together. We assessed whether one type of intellectual engagement can explain the role of the other in late-life cognition. We also assessed whether the two types of intellectual engagement interact either in a compensatory manner (one compensates for low levels of the other with respect to their association with late-life cognition) or a complementary manner (one boosts the magnitude of the association of the other with late-life cognition). This work builds on previous research showing that both types of engagement individually relate to late-life cognition (Andel et al., 2007; Bosma et al., 2003; Kåreholt et al., 2011; Schooler & Mulatu, 2001; Schooler et al., 1999) . By simultaneously considering work and leisure, we were able to incorporate into our models a larger range of everyday life experiences than is usually considered in life-course research of this type. Work complexity and midlife cognitive and social leisure activity were all associated with late-life cognition independently of one another. It is important to note that these results were significant after adjusting for childhood, midlife, and late-life covariates. Although the possibility of a bidirectional relationship between work/leisure activities and cognition cannot be ruled out, there are strong reasons to believe that intellectual engagement in midlife plays a positive role in cognition in late life, a notion articulated in the concept of cognitive reserve (Stern, 2002) and the environmental complexity hypothesis (Schooler, 1984) . It could be argued that the large majority of middle-aged working adults in our sample would have obtained near perfect scores on our cognitive tests because employed adults tend to be in relatively good cognitive health (Shah, 2009) . Additionally, any baseline differences in cognition are likely to be reflected in the controlled socioeconomic factors that other research has found to be related to intelligence (Neisser et al., 1996) and intellectual potential (Ghisletta, Bickel, & Lovden, 2006) .
We found an interaction between midlife cognitive leisure activities and complexity of work with people, and between midlife social leisure activities and complexity of work with both people and data. The fact that the importance of one source of intellectual stimulation declined with greater engagement in the other (i.e., the coefficient reflecting the interaction was negative) indicated that the interaction was compensatory rather than complementary. The compensatory effect was particularly pronounced for the interaction of social activity and complexity of work with people.
Together, the results suggest that engagement in leisure activities in midlife has the potential to reduce the late-life cognitive disadvantage associated with working in occupations that impose few cognitive challenges. This has important implications for targeting interventions that encourage leisure activities in midlife that build cognitive reserve in Notes. Est. = unstandardized regression coefficient; SE = standard error of the estimate.
Covariates are age at baseline, age at cognitive screening, year of cognitive screening, sex, level of education, childhood socioeconomic position, conflicts within household and financial difficulties during childhood, midlife depressive symptoms, midlife mobility, midlife socioeconomic position, late-life depressive symptoms, late-life mobility, and late-life self-rated health. Figure 2 . Regression coefficients and associated confidence intervals reflecting the relationship between complexity of work with people or data and late-life cognition with social (A and B) or cognitive (C) leisure activity as the moderator. The Johnson-Neyman technique for plotting the region of significance of a moderated effect is shown. Each interaction is presented as a point on a line reflecting the magnitude of the association between complexity of work and late-life cognition at a particular level of leisure activity. The vertical line is the level of leisure activity that represents the border of the region of significance of the association between work complexity and cognitive performance. Covariates were age at baseline, age at cognitive screening, year of cognitive screening, sex, level of education, childhood socioeconomic position, conflicts within household and financial difficulties during childhood, midlife depressive symptoms, midlife mobility, midlife socioeconomic position, late-life depressive symptoms, late-life mobility, and late-life self-rated health. Figure 1 . Regression coefficients and associated confidence intervals reflecting the relationship between cognitive or social leisure activity and latelife cognition with complexity of work with people (A and B), and social leisure activity and complexity of work with data (C) as the moderator. The JohnsonNeyman technique for plotting the region of significance of a moderated effect is shown. Each interaction is presented as a point on a line reflecting the magnitude of the association between complexity of work and late-life cognition at a particular level of leisure activity. The vertical line is the level of leisure activity that represents the border of the region of significance of the association between work complexity and cognitive performance. Covariates were age at baseline, age at cognitive screening, year of cognitive screening, sex, level of education, childhood socioeconomic position, conflicts within household and financial difficulties during childhood, midlife depressive symptoms, midlife mobility, midlife socioeconomic position, late-life depressive symptoms, latelife mobility, and late-life self-rated health.
anticipation of cognitive decline in later life. Our findings also indicate that above-average complexity of work may reduce cognitive disadvantage posed by concurrent low levels of leisure activity later in life.
We note that although labor force participation mostly ends at retirement, leisure pursuits are likely to continue till the end of life, providing many points of possible intervention along the leisure life course. Future studies using quasiexperimental designs should investigate whether increasing leisure engagement is truly a viable strategy to offset the cognitive disadvantage of low work complexity. Our results demonstrate that the cognitive benefits of work complexity and intellectually stimulating leisure activity are not mutually reinforcing but are arguably substitutable, supporting the idea of a compensatory mechanism. This is contrary to our hypothesis, which we based on the environmental complexity hypothesis, presuming that greater environmental complexity would relate to increasingly favorable cognitive outcomes. This notion is important for the development of strategies to help middle-aged individuals maintain cognitive function. Individuals in jobs with low complexity (e.g., clerks, phone operators, machine operators, or physical laborers, and so on) should be encouraged to use leisure activities to possibly fully substitute for lack of engagement at work to support cognitive function into old age. Conversely, encouraging greater leisure time participation among persons in jobs with high work complexity (e.g., managers, teachers, analysts, and so on) may not be fruitful as it may not carry any substantial cognitive benefit. These possibilities deserve further empirical attention.
The results need to be interpreted with caution. First, our measure of cognition was relatively crude. Although it could be argued that a more sensitive measure may have yielded stronger results. Second, baseline data were collected starting in 1968, exposing the results to bias by cohort effect. Although the intellectual load of leisure activities may not have changed much, it is likely that more recent cohorts are experiencing greater levels of work complexity. Therefore, it is possible that the importance of occupation in cognitive function in old age has increased. Third, we were not able to capture other types of potentially stimulating activity such as volunteering, although it is possible that this effect was at least partially captured by controlling for education and socioeconomic position (Wilson, 2000) . Work complexity itself may predispose individuals to greater involvement in volunteering (Wilson & Musick, 1997) . Therefore, future research should consider volunteering as a potential underlying mechanism of the association between work complexity and late-life cognition. Finally, we were only able to follow survivors to at least age 77 years. Future research should also target younger cohorts of older adults. For example, assessing cognitive function in older adults starting around 65 years of age (i.e., at or shortly after retirement) may provide even more insight into the interaction between work environment and leisure activity in relation to cognition.
In conclusion, we present findings with two major sources of intellectual engagement, work and leisure, in relation to late-life cognition. We found that work and leisure operate independently from one another in their relation to late-life cognition. We also found that these two sources of engagement interact in a compensatory manner, whereby one can be substituted for the other, but one cannot magnify the effect of the other.
